Gliomas, originating from glial cells, are the most common neoplasms affecting the central nervous system and glioblastoma multiforme is the most malignant subtype of glioma. Surgery, radiotherapy, and chemotherapy based on the alkylating agent temozolomide, only extend the median overall survival of glioblastoma patients by less than 15 mo.[@R1] The dismal prognosis associated with currently approved treatment modalities is generally attributed to the highly heterogeneous nature of glioblastoma. Based on gene expression signature alone, Verhaak and colleagues have classified glioblastomas into classical, mesenchymal, proneural and neural subtypes, each subtype being identified by specific genetic aberrations.[@R2] Studies such as this underscore the importance of characterizing glioblastoma at the molecular level and devising specific and effective therapeutic regimens for glioblastoma patients.

The increased understanding of the molecular pathways that underlie the surge and progression of glioblastoma has led to the development of innovative therapeutic approaches that specifically target malignant cells. A major approach in this sense is represented by genetically engineered single-chain variable fragments (scFv), consisting of the heavy- and light-chain variable regions (V~H~ and V~L~) of an antibody, fused to plant or bacterial toxins. This therapeutic strategy is being widely evaluated for the treatment of brain tumors.[@R3] Unlike traditional chemotherapeutics, scFv-toxin fusions specifically kill malignant, as opposed to non-transformed, cells, hence causing tumor regression while preserving adjacent normal tissues.

We have recently described the generation of a novel recombinant immunotoxin, D2C7-(scdsFv)-PE38KDEL, that is specific for both wild-type (wt) epidermal growth factor receptor (EGFR) and for its deletion mutant commonly known as EGFRvIII.[@R4] The classical subtype of glioblastoma is defined by *EGFR* gene amplification,[@R2] and glioblastomas bearing *EGFR* amplifications often express EGFRvIII.[@R5] This suggest that wt EGFR and EGFRvIII may operate as critical drivers in the genesis of glioblastoma, hence representing ideal targets for targeted anticancer therapies. Of note, D2C7 is a unique monoclonal antibody that recognizes both wt EGFR and EGFRvIII.[@R6]

D2C7-(scdsFv)-PE38KDEL was constructed by fusing a 15-amino acid peptide linker, disulfide-stabilized V~H~ and V~L~ fragments derived from D2C7 (D2C7-scdsFv), and the *Pseudomonas* exotoxin (PE38KDEL) ([Fig. 1](#F1){ref-type="fig"}). D2C7-(scdsFv)-PE38KDEL exhibited potent cytotoxic activity (IC~50~ = 0.18--2.5 ng/mL) against cultured glioblastoma cells expressing wt EGFR only or co-expressing wt EGFR and EGFRvIII. In vitro, the efficacy of our bispecific fusion protein exceeded that of the wt EGFR-specific transforming growth factor α-based immunotoxin TP-38 and the EGFRvIII-specific immunotoxin MR1--1-PE38KDEL, two *Pseudomonas* exotoxin-based agents that are currently being evaluated in Phase I clinical trials for glioblastoma therapy.[@R3]

![**Figure 1.** Structure of D2C7-(scdsFv)-PE38KDEL. S−S depicts the disulfide bond between the D2C7 heavy (V~H~) and light (V~L~) fragments (in green), which are connected by a 15-amino acid peptide linker. The PE38KDEL toxin is depicted in red. II, translocation domain; III, domain that mediates ADP-ribosylation of elongation factor 2; KDEL, leader sequence for increased retention within the endoplasmic reticulum.](onci-2-e26852-g1){#F1}

The therapeutic success of a tumor-targeting agent depends on its successful delivery to the tumor site at a sufficient concentration, as well as by its uniform distribution throughout the neoplastic lesion. In our preclinical study, we achieved this by convection-enhanced delivery. The continuous intracranial delivery of D2C7-(scdsFv)-PE38KDEL through osmotic mini-pumps resulted in complete coverage of the tumor site, as evidenced by immunohistochemical analyses. This was accompanied by strong antineoplastic effects against intracranial glioblastoma xenografts expressing wt EGFR only or co-expressing wt EGFR and EGFRvIII, increasing the survival of tumor-bearing animals.

Small tyrosine kinase inhibitors (TKIs) that target the EGFR signaling cascade, such as gefitinib, erlotinib, or lapatinib, have been unsuccessfully tested for the treatment of glioblastoma patients.[@R7] Moreover, the expression levels and activation status of relevant signal transducers including wt EGFR, EGFRvIII, AKT1 as well as phosphatase and tensin homolog (PTEN) failed to predict clinical responses to TKIs. Furthermore, TKIs turned out to be ineffective against EGFRvIII, which is constitutively active and confers resistance to wt EGFR-targeting agents.[@R8] Thus, the multifaceted regulation of the tyrosine kinase signaling cascade emanating from EGFR renders glioblastomas unresponsive to TKI-based therapy. Unlike TKIs, the antineoplastic activity of D2C7-(scdsFv)-PE38KDEL is independent of the tyrosine kinase signaling cascade triggered by EGFR, but depends solely on the expression of wt EGFR or EGFRvIII. Therefore, D2C7-(scdsFv)-PE38KDEL should be active in glioblastoma patients expressing wt EGFR only or co-expressing wt EGFR and EGFRvIII.

Several anti-EGFR antibodies that inhibit ligand binding have been developed. Nimotuzumab, a humanized EGFR-specific monoclonal antibody, demonstrated promising results in both adult and pediatric high-grade glioma patients.[@R9] However, the administration of cetuximab, which is specific for wt EGFR, only improved the progression-free survival of patients bearing *EGFR* amplifications but lacking EGFRvIII expression.[@R10] As the majority of gliomas expressing wt EGFR also express the constitutively active variant EGFRvIII, a combinatorial approach targeting both these tumor-associated antigens is needed to tackle this complex disease. To the best of our knowledge, D2C7-(scdsFv)-PE38KDEL is the first therapeutic agent with similar affinity and efficacy toward both wt EGFR and EGFRvIII.

D2C7 interacts with a 55-amino acid epitope present in the extracellular domain of wt EGFR (residues 583--637) and EGFRvIII (residues 292--346). Of note, this epitope persists in several EGFR deletion mutants, including C-958, Δ959--1030, Δ6--185, I, and III--VII, that are associated with glioblastoma.[@R4] This increases the number of antigenic targets for D2C7-(scdsFv)-PE38KDEL in glioblastoma patients, suggesting that this agent may be efficient against tumors that are resistant to TKIs and naked EGFR-specific monoclonal antibodies.

In conclusion, our preclinical data suggest that the bispecific immunotoxin D2C7-(scdsFv)-PE38KDEL may provide an effective therapeutic option for glioblastoma patients expressing wt EGFR only or co-expressing wt EGFR and EGFRvIII. A good laboratory practice batch of D2C7-(scdsFv)-PE38KDEL has been prepared and further studies are ongoing to determine the maximal tolerated dose in rats, in order to submit to the US Food and Drug Administration for an investigational new drug application to launch Phase I clinical trial. Future clinical studies will determine whether D2C7-(scdsFv)-PE38KDEL can be included as a standard treatment for glioblastoma patients expressing wt EGFR only or co-expressing wt EGFR and EGFRvIII.
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